Background: Acute pain is an expected result after surgery. Nevertheless, when not appropriately controlled, acute pain has a very negative impact on individual clinical outcomes, impairing healing and recovery, and has clear consequences on health care system costs. Augmenting knowledge on predictors and potentially modifiable determinants of acute postsurgical pain can facilitate early identification of and intervention in patients at risk. However, only a few studies have examined and compared acute pain after total hip arthroplasty (THA) and total knee arthroplasty (TKA). The aim of this study was to compare THA and TKA in acute postsurgical pain intensity and its predictors. Methods: A consecutive sample of 124 patients with osteoarthritis (64 undergoing THA and 60 TKA) was assessed 24 hours before (T1) and 48 hours after (T2) surgery. Demographic, clinical, and psychological factors were assessed at T1, and acute postsurgical pain experience was examined at T2. Additionally, the same hierarchical regression analysis was performed separately for each arthroplasty type. Results: TKA patients reported higher levels of acute postsurgical pain compared with THA (t=8. 490, p=0.004, d=0.527, 95% confidence interval, 0.196-0.878). In the final THA predictive model, presurgical pain was the only variable approaching significant results (t[57]=1. 746, β=0.254, p=0.086). In the final TKA predictive model, optimism was the only predictor of pain (t[51]=-2.518, β=-0.339, p=0.015), with emotional representation (t[51]=1.895, β=0.254, p=0.064) presenting a trend toward significance. Conclusion: The current study is the first examining THA and TKA differences on acute postsurgical pain intensity and its predictors using a multivariate approach. Results from this study could prove useful for the design of distinct interventions targeting acute postsurgical pain management depending on whether the site of arthroplasty is the hip or the knee. Finally, the current results also support the argument that these two surgeries, at least with regard to acute pain, should be approached separately.
Introduction
Osteoarthritis (OA) of major joints is a progressive disabling disease and a major cause of chronic pain, which might result in patients undergoing total hip arthroplasty (THA) or total knee arthroplasty (TKA). 1 These are high-cost procedures that are not always successful. 2 Several studies have examined the predictors of medium-to-long-term outcomes of these type of surgeries, including chronic pain. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Yet, there are not so many studies examining acute postsurgical pain predictors, within a multivariate approach.
Nonetheless, acute pain is a crucial issue, given that unless properly managed, it creates needless suffering, delays healing processes, puts patients at risk of increased postsurgical morbidity and mortality, and increases hospital stay and costs of care. [15] [16] [17] Overall, it may have detrimental effects in both physiological and psychological domains 18, 19 and might lead to the development of chronic pain. 16 Therefore, understanding how to prevent acute postsurgical pain early in the recovery process can support better and more efficient recovery from surgery. 17, 20, 21 Augmenting knowledge on predictors and potentially modifiable determinants of acute postsurgical pain can facilitate early identification of and intervention in patients at risk.
Indeed, several studies focused on the study of acute pain predictors after different types of surgery. 20, [22] [23] [24] [25] [26] [27] [28] Concerning prediction of acute pain after THA and TKA, we are aware of two studies wherein TKA and THA were approached jointly, 29, 30 and others wherein only TKA was considered, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] with only two studies 41, 42 focusing specifically on THA, thus leaving a considerable gap of knowledge in this field.
In addition, there is one key question related to the comparison of pain experience after THA and TKA. Regarding chronic postsurgical pain, differences between these two approaches are well established, with worst results for TKA, [5] [6] [7] [8] and pointing to the more established predictive role of psychological variables on pain after TKA than after THA. 9 Concerning acute postsurgical pain, empirical knowledge reveals higher acute pain levels after TKA when compared to THA, although the scarce published literature on this [43] [44] [45] is not enough to uphold any definitive conclusion. The abovementioned studies had a very small sample of patients, presenting sampling power issues. Moreover, Aarons et al 43 and Wylde et al 45 did not use a multivariate approach to analyze the differences on acute postsurgical pain with surgery type. Pang et al 44 relied on morphine consumption, not directly comparing pain intensity scores as reported by patients. However, given the idiosyncrasy of pain perception, using participant scores would have also been crucial. Finally, none of the abovementioned studies sought specific predictors of acute pain.
Research is needed to draw definitive conclusions regarding heightened acute pain in TKA in comparison to THA, and most importantly to distinguish acute pain predictors according to arthroplasty type. This study aims to compare acute postsurgical pain intensity, and its potential predictors, between two types of major joint arthroplasties: THA and TKA.
Methods
The research was conducted according to the Declaration of Helsinki and ethical approval was granted by the Hospital Research Ethics Committee of Alto Ave Hospital Center in Portugal. All participants were informed about the study and then read and signed the informed consent form.
Participants and procedures
This study is a post hoc analysis of a prospective cohort single study investigating acute pain and persistent postsurgical pain prevalence among major joint arthroplasties. 6, 7, 30 For the purposes of this study, all patients assessed 24 hours before (T1) and 48 hours after (T2) surgery were included, resulting in a consecutive sample of 124 patients with OA (64 THA [38 women, 26 men] and 60 undergoing TKA [45 women, 15 men]). Inclusion criteria were being 18-80 years old, being able to understand written information (informed consent), having no psychiatric or neurologic pathology (eg, psychosis, dementia, etc) and undergoing primary unilateral THA or TKA for diagnosis of coxarthrosis and gonarthrosis only (OA).
Data collection
All data were collected via questionnaire, in a face-to-face interview, by a trained psychologist.
Presurgical assessment -predictive measures
A sociodemographic and clinical data questionnaire was administrated to collect various demographic (eg, age, sex) and clinical data (eg, body mass index, comorbidities, chronic back pain, surgical disease onset). Pain experience was evaluated through the Brief Pain Inventory -Short Form (BPI-SF). 46 Internal consistency of responses to the Portuguese validated versions of psychological questionnaires was assessed using Cronbach's alpha. 47 The Hospital Anxiety and Depression Scale 48 
Postsurgical assessment -primary outcome measure
Acute pain intensity -patients were asked to rate their average and worst pain level within the first 48 hours after surgery on an 11-point Numerical Rating Scale (NRS). For the purposes of the current analyses, a composite measure was calculated, resulting from the sum and mean of the worst and the average pain level. 30, 54 We believe that this measure is more useful and broader as an outcome, since a combination of measures is acknowledged as a good strategy to diminish error 55 and increase reliability. 56 Postsurgical assessment -additional measures 1. Postsurgical pain frequency: patients were asked to define their pain as constant, intermittent, or brief. 2. Rescue analgesia: it was recorded whether rescue analgesics were provided to patients. All protocols (following specific guidelines normally used in the hospital surgical setting) had indications for the prescription of rescue analgesics beyond the standardized analgesic protocol in the face of moderate-to-severe acute postsurgical pain levels (NRS >3).
Clinical variables
Clinical data, related to surgery, to anesthesia, and to analgesia, were obtained from medical records. Data concerning the description of the surgical procedure can be obtained elsewhere.
6,30

Anesthetic technique
In all patients, the mode of anesthesia was determined by the health care team according to the usual standard anesthetic protocols at the hospital, with no research-related change being introduced. 
Postsurgical care
Anterior-posterior hip and lateral knee X-rays were taken for THA and TKA, respectively, and reviewed after surgery and before the patient was transferred to the infirmary for continued care. The X-rays were reviewed to ensure that the prosthesis was inserted properly and that alignment was correct.
For both types of surgeries, standardized postsurgical nursing and physical therapy protocols were used for all patients. Patients were mobilized out of bed on the second postsurgical day and had a postoperative anticoagulation protocol using low-molecular-weight heparin. Moreover, patients were given systemic prophylactic antibiotics and a prophylactic anticoagulant to decrease deep venous thrombosis risk after surgery. Compression dressings were removed the day after surgery.
Analgesic protocols
All patients were assigned to a standardized analgesia protocol. It could be intravenous (n=31/25.0%), epidural (n=56/45.2%), or perineural (n=37/29.8%), followed by oral analgesics on subsequent days.
The standardized intravenous protocol was composed of a continuous intravenous infusion (DIB, delivered infusion baloon) of tramadol (300-600 mg), metamizol (6-8 g), and metoclopramide (60 mg). The standardized epidural protocol was a continuous epidural infusion (DIB) with ropivacaine (0.1%) and fentanyl (3 µg/mL) (5 mL/h). Finally, the standardized perineural protocol included a continuous perineural infusion (DIB) with ropivacaine (0.2%, 5 mL/h). For the three types of protocols, paracetamol (1 g 6/6 h) and nonsteroidal anti-inflammatory drugs (ketorolac 30 mg 12/12 h or parecoxib 40 mg 12/12 h) were always included as coadjuvant analgesics. All analgesic regimens included prokinetic treatment were standardized to metoclopramide (10 mg intravenous 8/8 h). All protocols had indications for the prescription of rescue analgesics (ropivacaine and pethidine) beyond the standardized analgesic protocol in cases of moderate-to-severe acute postsurgical pain levels (NRS >3).
Statistical analyses
Statistical analyses were conducted using the IBM SPSS Statistics (version 22, Armonk, NY, USA) except for the CFA and data imputation (Data Collection) that were performed using the IBM SPSS Amos version 22.
Prior to addressing the study questions, we tested whether the underlying assumption of normality was met for all variables. To test this assumption, Kolmogorov-Smirnov tests were used. When the Kolmogorov-Smirnov test was significant, we used the following rules of thumb for ascertaining whether or not to use parametric statistical tests: analyzing the absolute skewness and kurtosis values. If these values were lower than 3.0 and above 8.0, respectively, we followed the indication to proceed with parametric statistics. 57 No significant violation of normality was observed, with the exception of the variable depression on the THA group (Kurtosis =11,177).
Descriptive statistics concerning demographic, clinical, and psychological characteristics for each arthroplasty type were computed, and independent t-tests (Student's t-test, for continuous variables) or χ 2 tests (χ 2 , for nominal variables) were performed for group comparisons. Statistically significant results were considered for p<0.05. To determine the meaningfulness of the differences (practical significance), since statistical significance (p-value) is dependent on group size, the associated effect sizes and 95% confidence intervals were also computed. Hence, Cohen's d and Pearson's phi (ϕ) coefficients were calculated for continuous and nominal variables, respectively. We followed Cohen's 58 recommendations regarding magnitude of effect sizes. Cohen's d scores above 0.80 were considered a large effect size, between 0.50 and 0.70 a medium effect size, and between 0.20 and 0.40 a small effect size. The interpretation of Pearson's phi (ϕ) coefficient is analogous to the correlation coefficient, expressing the strength of association between two variables.
Pearson correlation coefficients were computed for each arthroplasty type to evaluate the degree of association between acute postsurgical pain and demographic, clinical, and psychological variables to aid in the selection of predictors for the regression model.
One of the aims of this study was to develop and test a similar predictive model separately for acute postsurgical pain intensity after THA and TKA.
The rationale for selecting the predictor variables was the following: 1) inclusion of demographic (age and sex) and clinical (presurgical pain intensity) variables that are acknowledged to influence pain, and more specifically acute postsurgical pain experience; 2) take into account the variables that distinguished the groups presurgically such as disease onset, pain due to other causes, or personal control, for instance, but if the variables distinguished the groups presurgically but did not correlate with the outcome under analysis, then they were not included in the regression model; and 3) select those variables that correlated significantly with the outcome under analysis both in TKA and in THA groups. Hence, optimism and emotional representation were selected since they were the only psychological factors associated significantly with acute postsurgical pain for both groups. The clinical variable (or entitled) other chronic pain states was also selected because it distinguished the groups presurgically, although it only correlated with the outcome in the THA group. The psychological variables depression, pain catastrophizing, and fear were associated with the outcome in the TKA group but were not included in the regression model because they did not distinguish the groups at baseline.
Multiple regression assumptions were verified and multicollinearity was assessed through the variance inflation factor value and the tolerance coefficients, which were established as being below 2 and greater than 0.50, respectively.
Results
Differences between patients undergoing THA and TKA on sociodemographic, clinical, and psychological measures at T1 and T2 At T1, regarding baseline measures, arthroplasty groups did not differ significantly on any sociodemographic characteristic (Table 1) , except for age. Patients undergoing TKA were older than those undergoing THA (p=0.005, d=0.514). Both groups were similar concerning clinical measures, such as body mass index or medical comorbidities, although TKA patients had suffered longer from their surgical disease (p=0.002, d=0.587). The groups did not differ in terms of presurgical pain intensity and other pain variables (pain interference, other previous chronic pain states, and back pain), but TKA patients revealed more often pain in other joints (p=0.013, ϕ=0.224) ( Table 1) .
The two arthroplasty groups were similar in terms of their psychological profile (Table 1) , with the exception of the illness perception dimensions "personal control" (p=0.024, d=0.411), with TKA patients perceiving more control over the surgical illness (OA) and "illness coherence" (p=0.019, d=0.427), which was also higher, meaning that for them the medical condition leading to surgery makes more sense. Moreover, THA patients revealed higher optimism levels in comparison to TKA patients (p=0.017, d=0.436). 
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A comparison of predictors and intensity of acute postsurgical pain Regarding pain frequency, there were no significant differences between TKA and THA patients. On rescue analgesia provision, and despite the significance of the p-value (p=0.033), there were also no differences, since the confidence interval associated with effect size contained the zero value. In addition, TKA patients were provided more often with perineural analgesia (p=0.005, ϕ =0.250).
Intercorrelations between baseline variables (T1) and acute postsurgical pain (T2) in THA and TKA (separate analyses) With respect to TKA, Table 3 shows that none of the demographic or clinical factors under analysis showed an association with postsurgical pain. Regarding psychological variables, depression (r=0.37, p=0.004), the emotional representation of the condition that led to surgery (OA) (r=0.34, 
Prediction of acute postsurgical pain intensity after THA and TKA
This study sought to explore whether a common model could predict acute postsurgical pain intensity after each type of arthroplasty. In the regression model under analysis, age and sex (1st block), presurgical pain intensity, and other chronic pain states (2nd block) were considered as potential predictors. Psychological variables that were significantly correlated with the outcome under analysis for both arthroplasty types (emotional representation and optimism) were entered in the last block, which allowed us to investigate the unique role of these variables controlling for demographic and clinical factors. Table 4 reveals distinct results for each arthroplasty type. For THA, sex showed a predictive role (t [61] =3.057, β=-0.371, p=0.003) and explained 14% of the variance in acute postsurgical pain intensity. Presurgical pain also emerged as a significant predictor (t [59] =2.344, β=0.309, p=0.022) and accounted for an additional 13.6% of the variance. Psychological factors contributed with little additional variance (0.02%) for the THA predictive model. In the final THA model, with a total explained variance of 29.4%, presurgical pain was the only variable approaching significance (t [57] =1.746, β=0.254, p=0.086).
For TKA (Table 4) , neither the variables entered in the first block (sex and age) nor those inserted in the second block (presurgical pain and other chronic pain states) showed significant results in the prediction of acute postsurgical pain, psychological factors being the only significant predictors. In the final model, optimism was the only significant predictor of pain (t[51]=-2.518, β=-0.339, p=0.015), and emotional representation (t [51] =1.895, β=0.254, p=0.064) presented a trend toward significance, both contributing with additional 20.8% of the variance. This final model explained 28.1% of the variance in acute postsurgical pain.
Discussion
This is the first study aiming to compare acute postsurgical pain intensity and its potential predictors between two types of major joint arthroplasties: THA and TKA. As expected, results showed higher levels of acute pain after TKA comparatively to THA. Moreover, we examined whether the same model could predict acute pain intensity after THA and TKA. Findings revealed different results for THA and TKA. Demographic characteristics and presurgical clinical pain were more relevant predictors for acute postsurgical pain after THA than after TKA. In contrast, presurgical psychological factors were more strongly associated with acute pain after TKA than for THA, namely, optimism emerged as the only and best predictor of postsurgical pain after TKA, over and above demographic and clinical factors. The current study is the first examining these differences with a multivariate 
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A comparison of predictors and intensity of acute postsurgical pain approach and could prove useful for the design of distinct interventions targeting acute postsurgical pain management, depending on whether the site of arthroplasty is the hip (THA) or the knee (TKA).
Comparing acute postsurgical pain following THA or TKA On the question of comparing acute pain levels between THA and TKA patients, this study found that patients undergoing TKA reported more acute pain than those undergoing THA. There is already some empirical knowledge regarding higher acute pain levels after TKA when compared to THA, but the majority of published scientific evidence relates to chronic postsurgical pain rather than to acute postsurgical pain. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] In fact, regarding chronic postsurgical pain, differences between these two surgeries are well established, with worst results for TKA. [3] [4] [5] [6] [7] [8] [9] Few studies have focused on the comparison of acute pain intensity after THA and TKA. We are aware of studies concerning postarthroplasty acute pain either on TKA [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] or on THA. 28, 29 Three other studies centered on the comparison between TKA and THA, 41, 42 but did not perform multivariate predictive analyses. We already mentioned the study by Aarons et al 43 addressing THA and TKA, taking into account the acute pain period (7 days after surgery). They reported a mean pain level of 5.53 (standard deviation =3.00) for THA and 6.91 (standard deviation =2.00) for TKA, but did not perform a statistical comparison between these groups. They used small samples (40 THA and 23 TKA patients) and included both primary and revision arthroplasties, which makes the results of this study less robust due to lack of power and heterogeneity of the cases involved. Pang et al's study 44 did not find differences in acute pain intensity between THA and TKA, but also had a small sample (24 THA vs 26 TKA). Furthermore, they used patient-controlled analgesia (PCA) morphine consumption (number of requests for analgesia and the dose of analgesic used) as a parameter for distinguishing the magnitude of pain intensity between the two major orthopedic surgeries, not directly comparing pain intensity scores as reported by patients. The study by Wylde et al 45 compared acute pain after THA and TKA, but only assessed pain at rest and was merely descriptive, reporting that 58% of TKA patients and 47% of THA patients presented moderate-tosevere pain, with no further comparisons or analyses. Additionally, it presented an asymmetric proportion of patients by surgical group (TKA =38 patients vs THA =67 patients). Finally, there are two studies focused on the prediction of acute pain after THA and TKA, 29, 30 but in which both THA and TKA are approached jointly, and there is no control of the differential influence of the predictors according to the arthroplasty type.
Predicting acute postsurgical pain following THA or TKA A key aim of this study was to investigate whether acute pain after THA and TKA could be predicted by the same model. The results indicate the influence of distinct factors in the explanation of acute pain after THA and TKA. For THA, demographic characters (sex) and presurgical clinical pain had stronger association with acute postsurgical pain than for TKA. Nevertheless, in the final predictive model, sex was no longer significant and presurgical pain only retained marginal significance, thus needing to be revisited in further studies, possibly with larger samples, which would increase power and the likelihood of finding significant effects.
In contrast, presurgical psychological factors were more strongly associated with acute pain after TKA than THA, optimism emerging as the only significant predictor of acute postsurgical pain experience, beyond the effect of demographic and clinical factors. In the multivariate predictive model under analysis, emotional illness representation did retain marginal significance, which merits further exploration in future studies.
Although the reason for the difference between THA and TKA is not clear, it draws attention to the possible complex interplay of the site of arthroplasty and psychological and clinical factors. It is surprising that THA and TKA exhibited a distinct pattern of association between acute pain intensity and demographic, clinical, and psychological variables. Since this is the first study screening acute pain predictors after THA and TKA separately, it is difficult to compare our results to those of other studies.
Nevertheless, our results are in accordance with studies pointing to the more established role of psychological variables on chronic pain after TKA than after THA. 9 Wylde et al 4 tested a similar predictive model separately for chronic pain after THA and TKA, but found the same risk factors: depression and pain problems elsewhere. In contrast, Duivenvoorden et al 59 suggested the influence of distinct factors for chronic pain resulting from THA and TKA. Specifically, they reported that anxiety had more effect on outcomes after THA and depression influenced the outcomes after TKA, although the outcome variables used in the study included variables other than pain, such as quality of life.
Limitations of the study
This is a single site and single country study, which limits its external validity. The sample size per surgery type is also relatively small and the sex composition is unbalanced (more females), which limits generalization of findings.
A potential study bias was that patients could be undergoing three types of analgesic protocols, which were neither controlled in statistical analyses nor empirically standardized, just being recorded a posteriori. Staff within the anesthesiology unit was not fully informed of the study goals in order to assure that normal procedures would be enacted, and thus protocols were tailored to the needs and specificities of each patient, with no attempt made to standardize clinical procedures/protocols. While this reflects the ecological validity of our data, it also might be introducing a potential confounding effect, due to the possible differences among the three protocols in terms of analgesic efficacy. But as we are searching for presurgical predictive regression models, we do not think that this heterogeneity of analgesic regimens prevents samples from being compared with the same presurgical predictive model.
The major strengths of the current study are that: 1) this is the first predictive study examining acute pain after THA and TKA separately, also comparing them; 2) the first study of its kind to assess diverse psychological variables that cover cognitive and emotional factors, while also controlling for demographic and clinical variables; and 3) the multivariate predictive model shows enough robustness, explaining nearly one-third of the explained variance in acute postsurgical pain intensity for both surgical procedures.
Clinical, practical implications, and conclusion
This study extends prior research and enhances understanding of predictors of acute pain following THA and TKA. Unlike other studies, 6, 10, 30 it did not focus on THA and TKA patients jointly. Instead, it compared these two types of surgery and established, through multivariate analyses, distinct predictors of acute postsurgical pain for each surgical major joint procedure. Since distinct predictors were found for THA and TKA, the question arises whether research on acute pain following arthroplasty should combine THA and TKA patients, as has been done in a variety of studies. 10, 11, 29, 30 The current results support the argument that these two surgeries, at least with regard to acute pain, should be approached separately.
Finally, current findings inform health care professionals about the relevance of implementing distinct interventions concerning acute postarthroplasty pain management. In THA patients, more efforts should be made to control for presurgical pain, either through more aggressive analgesic strategies or by enhancing psychological presurgical pain coping strategies. Instead, in TKA patients, psychological interventions directed at managing psychological factors need to be considered. More specifically, a blend of techniques that would address emotional difficulties, negative cognitions about surgery and pain, and a pessimistic profile seems to be indicated. Cognitive restructuring (cognitive therapy) and hypnosis have both been proven to be efficacious on various pain and surgery relevant outcomes. [60] [61] [62] [63] To deal with more cognitive and personality factors, such as optimism, techniques such as the visualization technique "Best Possible Self " have been successfully employed in promoting optimism 64, 65 and pain reduction. 66 Presurgical psychological preparation for surgical procedures has already proven to be efficacious. 63, 67 This study's findings also indicate that differential interventions should be designed that take into account the specificity of acute pain predictors for each arthroplasty type.
